INTRODUCTION
trated ticks of 'the Amblyomma marmoreum group', and colour illustrations of Amblyomma hebraeum and A. marmoreum have been published by Walker & Olwage (1987) . A single argasid species, Ornithodoros compactus infests tortoises in southern Africa, and has been illustrated by Walton (1962) . Theiler (1962) has listed the reptile species and the localities in sub-Saharan Africa from which ticks of the genera Amblyomma and Aponomma (now Ambly omma) have been collected. Norval (1983 Norval ( , 1985 has recorded the hosts and mapped the localities at which Amblyomma nuttalli, A. marmoreum, A. exornatum, A. latum and A. transversale have been collected in Zimbabwe. Walker & Schulz (1984) have recorded the numbers of A. hebraeum and A. marmoreum collected from tortoises in the Addo Elephant National Park, Eastern Cape Province, and Dower, Petney & Horak (1988) those collected from leopard tortoises in the Andries Vosloo Kudu Reserve and in the Thomas Baines Nature Reserve, Eastern Cape Province. The seasonality of A. marmoreum on leopard tortoises in the National Zoological Gardens, Pre toria, Gauteng Province has been determined by Rechav & Fielden (1995) , and the hosts, seasonality and geographic distribution of the latter tick in South Africa have been recorded and illustrated by Horak, McKay, Heyne & Spickett (2006) . Walton (1962) has listed the tortoise species from which O. compactus has been collected.
With the exception of A. hebraeum and O. compactus, the above-mentioned ticks have all been recorded on reptiles imported into the United States of Amer ica (USA) from Africa (Burridge, Simmons & Allan 2000; Burridge 2001; Burridge & Simmons 2003) . This illus trates not only the close association between the ticks and their hosts, but their prolonged periods of attachment, which exceed the length of time from the capture of the reptile in Africa, its translocation to a foreign country and its legal or illegal importation into that country. Amblyomma marmoreum has in fact adapted to its new habitat and become estab lished at a reptile breeding facility in Florida in the USA (Allan, Simmons & Burridge 1998 ). According to Walton (1962) the O. compactus recorded in European zoological gardens, probably arrived there as first stage nymphs on imported tortoises.
The purpose of this paper is to record the species spectrum of ticks that infest tortoises and various other reptiles in South Africa, and to illustrate the seasonality and geographic distributions of those species for which sufficient data exist.
MATERIALS AND METHODS
The data for this communication are derived from four surveys of ticks parasitizing tortoises and other reptiles.
Firstly a study conducted specifically on tortoises, chiefly in the southern provinces of South Africa, between 1975 and 1981 , during which all vis ible ticks were collected, but no record was kept of the number of tortoises that were not infested. Sec ondly ticks were collected from tortoises in the West ern and Northern Cape Provinces between 2000 and 2003 as part of a larger investigation on the biol ogy and conservation of these animals. Again no record was kept of the number of tortoises that were not infested. Thirdly from casual collections between 1981 and 2005 from tortoises and other reptiles, and finally studies on 23 leopard tortoises conducted by Dower et al. (1988) and Horak & Boomker (1998) have been included for completeness' sake. The vast majority of collections were made from free-living reptiles, with a few made from captive animals. With the exception of the study by Dower et al. (1988) , in which ticks were recovered after detaching from caged, naturally infested tortoises, ticks were collected manually, or by means of pincers, and preserved in 70 % ethyl alcohol for subsequent identification and counting. The collections made by Dower et al. (1988) were exhaustive, while the others concentrated on collecting only the visible and hence more easily accessible ticks. The parasite host tables that follow list the total number of tortoises and other reptiles of each species that were infested irrespective of the tick species and the numbers of animals that were infested with particular species. The localities at which ticks were collected were recorded and their geographic coordinates determined and plotted.
The results of the collections pertaining to A. marmoreum have been reported separately (Horak et al. 2006 ) and, with the exception of the tick-host table and geographic distribution map, to which new data have been added, they are not repeated here. Large numbers of all stages of development of A. sylvaticum were collected from angulate tortoises during the course of the surveys, and the mean numbers recovered each month, irrespective of the year, have been used to determine the seasonal occurrence of this tick on these animals. The maps illustrating the geographic distributions of the various tick species have been compiled from the coordinates of localities listed by Theiler (1962) , as well as from those at which ticks were collected in the surveys reported here.
We have used Branch (1998) as our primary source of reference for the specific and common names of the tortoise and other reptile species examined. These have been listed in the tables and the scientific names will not be repeated in the text. Whenever we have been uncertain of the sub-specific identity of a particular tortoise we have used the geographic distribution maps plotted by Branch (1998) , or the habitat preferences of the various sub-species of tent tortoises (Branch 1989) , and the field experience of B.T.H. and M.D.H. to arrive at an acceptable solution. When this has not been possible we have used only the specific name of the tortoise. In some cases the animals were identified only as 'tortoise' or 'monitor lizard' by the collectors and are listed as such in the tables.
RESULTS AND DISCUSSION

Amblyomma hebraeum
The hosts of adult A. hebraeum are large herbivorous mammals, whereas the larvae and nymphs can be found on a variety of large and small mammals and on ground-frequenting birds, and the nymphs also on reptiles (Norval 1983; Horak, MacIvor, Petney & De Vos 1987; Dower et al. 1988) . Conse quently, despite the fact that A. hebraeum adults were present on a number of leopard tortoises examined within the tick's distribution range (Table 1) , these infestations must be considered opportune, possibly triggered by A. hebraeum or A. marmoreum males already present on the tortoises. Attached, engorging A. hebraeum males produce pheromones that, with the carbon dioxide exhaled by their hosts, attract con-specific females, other males and nymphs (Norval, Yunker & Butler 1987) . The life stage spectrum of the ticks attached to the 19 infested leopard tortoises seems to indicate that male A. marmoreum may also produce pheromones that can be detected by con-specific ticks as well as by A. hebraeum nymphs and adults.
Howell, Walker & Nevill (1978) have illustrated the geographic distribution of A. hebraeum within the boundaries of South Africa, and the present records from tortoises all fall within this range.
Amblyomma marmoreum
This tick, colloquially known as the South African tortoise tick, is probably the species most frequently encountered on tortoises throughout South Africa (Theiler & Salisbury 1959; Horak et al. 2006) . It is the largest ixodid tick in South Africa, and engorged females may exceed 25 mm in length. With the exception of angulate and Namaqualand speckled padloper tortoises (the latter the smallest tortoise species in the world), a large percentage of individuals within each tortoise species were infested (Table  2 ). It would seem that the larger the species the greater the number of adult ticks it is likely to harbour, and leopard tortoises, the largest of the South African species, carried most adult ticks. Amongst the latter was a tortoise infested with 63 male and 105 female ticks. The immature stages, particularly larvae, infest not only reptiles, but also a large variety of mammals and birds (Horak et al. 2006) .
The comparatively small total number of immature ticks collected from the various tortoise species could not sustain the large number of adult ticks collected from these animals. Because complete collections were not always made, large numbers of immature ticks were probably overlooked. Furthermore, the large number of larvae and fewer nymphs that attach to a variety of warm-blooded hosts, both avian and mammalian (Horak et al. 2006) , could serve to augment the apparently insufficient numbers of immature ticks collected. (Branch 1998) .
Amblyomma nuttalli
The difficulty in distinguishing between A. nuttalli and other ticks of the A. marmoreum group has been discussed by Theiler & Salisbury (1959) . One of the hosts frequently infested by adult A. nuttalli is Bell's hinged tortoise, Kinixys belliana (Hoogstraal 1956 ; Table 1 ), but other tortoises, monitor lizards and snakes may also be infested (Theiler & Salisbury 1959; Burridge et al. 2000) . The immature stages infest the same hosts as the adults, but are also found on birds and mammals (Theiler 1962 the year as well as in the tick burdens of individual animals make it difficult to obtain a clear pattern of seasonality for A. sylvaticum. Five or fewer tortoises were examined per month in January, March (none examined), June, August and November, and six or more in the other months, with 36 examined during May. To compensate for these inequalities, 3-month running means have been used to illustrate seasonality. With this in mind, most larvae were present from May to November, most nymphs during the period August to January, and most adults from August to February (Fig. 3) . This pattern of seasonality agrees with the sizes of ticks observed on angulate tortoises during January, May, July and September by B.T.H. and M.D.H. If this indeed were the pattern of seasonality, it would imply that female ticks deposit eggs in summer and that most larvae hatch from early winter to early summer. These larvae would feed and moult to nymphs from midwinter to midsummer, and once the latter had fed and moulted they would 
Amblyomma exornatum
No A. exornatum larvae were recovered, but 168 nymphs and 505 adult ticks were collected from 22 monitor lizards (Table 1) . According to Theiler (1945a) , Hoogstraal (1956) and Norval (1985) Thirty-one of the 37 localities at which we have recovered A. exornatum are in the eastern and southeastern half of the country (Fig. 4) . According to Theiler (1962) and Norval (1985) it is widespread in South Africa and Zimbabwe, and Theiler suggests that it is probably present across the range of its varanid hosts in these countries. The single record from Simonstown in south-west Western Cape Province originates from a monitor lizard that had probably been translocated, as this region lies outside the geographic distribution of these lizards (Branch 1998) .
Amblyomma latum
This tick, aptly named the snake tick by Hoogstraal, infests snakes, and more particularly the larger species (Theiler 1945b (Theiler , 1962 Hoogstraal 1956; Norval 1985) . According to Walker (1991) the occasional records from lizards and even from some mammals, represent incidental infestations. The single female collected from a leopard tortoise in the present study would thus seem to be unusual (Table 4) . Amblyomma latum has, however, been collected from two captive yellow-footed tortoises, Geochelone denticulata, in the USA. The latter tortoise is native to South America, where this tick does not occur, and the tortoises probably acquired infestation while in captivity (Burridge 2001; Burridge & Simmons 2003) .
The 32 males, two females, eight nymphs and 76 larvae collected from a black mamba near Hector spruit, in the Lowveld of Mpumalanga Province, appear to be one of the largest recorded collections of A. latum taken from a single snake. Many of the adult ticks in this collection were attached under scales in and adjacent to a large superficial dorsal wound just posterior to the snake's head. Whether the ticks had caused the lesion, or had attached there because of it, could not be ascertained. According to Burridge (2001) , adult ticks attach under dorsal and lateral scales on all parts of the body of snakes, with the head being the most common site.
In Zimbabwe, Norval (1985) recovered all developmental stages of A. latum throughout the year, but collected most samples in the warm months when snakes are most active. During the present surveys 28 collections of adult ticks were made during the period October to February (summer) and only 11 from March to September (late summer to spring).
The distribution of A. latum in South Africa, based on Theiler's (1962) records, to which we have added several localities, is illustrated in Fig. 4 . Most records of this tick emanate from the eastern half of the country, with a single collection in the far south-west from a reptile in a snake park in Cape Town.
Amblyomma transversale
A single nymph of this tick was collected from a southern African python (Table 1) , which incidentally was also infested with nymphs of A. marmoreum and an adult A. latum. Pythons are apparently the only host species recorded for A. transversale in southern Africa (Norval 1985; Walker 1991) .
Hyalomma truncatum
Despite our examination of large numbers of tortoises in regions in which H. truncatum is present (Howell et al. 1978) , only three leopard tortoises and one geometric tortoise were infested with this tick (Table 1) . These ticks should be considered 'stragglers' from a heavily infested environment. The hosts of adult H. truncatum are large herbiv orous mammals (Norval 1982; Horak, Swanepoel & Gum mow 2002) , to which they attach in the axillary and perianal regions and in the tail brush.
Rhipicephalus gertrudae
This tick is particularly prevalent in the Western Cape Province, and its adults infest herbivores and carnivores (Walker, Keirans & Horak 2000; Horak & Matthee 2003) . The ticks on two tortoises examined during June and August respectively (Table 1) , must be considered 'stragglers' reflecting the tick's abundance in the Western Cape Province at this time of the year (Horak & Fourie 1992) .
Ornithodoros compactus
This tick has been recorded on the tortoises, Testudo oculifera (Psammobates oculiferus), Testudo verreauxi (Psammobates tentorius verroxii), Testudo shonlandi (Psammobates tentorius verroxii) and Homopus femoralis in southern Africa (Walton 1962) , and tortoises would appear to be its only hosts. In the current surveys ticks were collected from six tortoise species, and infestation was most prevalent on Namaqualand speckled padloper tortoises. The larvae of O. compactus are not parasitic, but 450 nymphs and 57 adults (70 adults if the 13 unsexed adult ticks are included) were collected from 58 tortoises (Table 5) .
Unlike other Ornithodoros species, of which the nymphs and adults spend most of their time in the dwellings or burrows of their hosts, or under the surface of the soil, it would seem as if those of O. compactus live on their tortoise hosts. Namaqualand speckled padloper tortoises, all of which were infested, prefer rocky terrain, but also have sand in their habitat. These tortoises often rest among the debris and soil under shrubs or between boulders and it is possibly here that they acquire infestation via newly moulted first stage nymphs. These nymphs would have moulted from non-parasitic larvae that had hatched from eggs that had dropped off or were deposited in these protected localities. Walton (1962) has suggested that the axillary and perineal skin folds are probably the most suitable sites for the ticks to survive on tortoises. Loehr, Henen & Hofmeyr (2006) found that the ticks tend to use the hind limbs of Namaqualand speckled padloper tortoises more frequently than the fore limbs and cervical region, and many move when the tortoises are handled. Like other Ornithodoros spp. feeding appears to be occasional, and only one male and two female ticks of the 57 adults that we collected appeared to have recently engorged.
The distribution of O. compactus is apparently restricted to southern Africa south of the Zambezi River (Walton 1962) . In the present surveys most collections were made from tortoises in the semiarid Northern Cape Province (Fig. 2) .
General
Only 26 of the 591 reptiles examined harboured mixed infestations of two tick species, and only two hosted three species. One of the latter was a rock monitor, which was infested with nymphs of A. 
